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(57) Abstract 

Magnetic head having a head face (5) and comprising a magnetic yoke which is provid«l with an MR f^,^^^^^ 
axis of magneton (M,), and a flux guide (7; 9). To optimally inhibit the occurence of domain walls, the flux guute «)mpnsesapa^ 
of exchang^coupled layers, a first layer of which is a soft-magnetic layer (1 7) and a second layer is an anb-terromagnettc or femmagnetic 
layer (19). 
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Magnetic head having a laminated flux guide, and device provided with the magnetic head. 



The invention relates to a magnetic head having a head face and 
comprising a magnetoresistive sensor and at Least a lamhmtrri flux guide for co-operation 
with the magnetoresistive sensor, which flux guide comprises a soft-magnetic layer. 

5 

A magnetic head of mis type is known as a thin-film magnetic head from 
rFPF. Transactions on Magnetics, Vol. 28, No. 5, September '92. The known magnetic head 
is provided with a first and a second flux guide, and a magnetoresistive sensor bridging a 
space between the two flux guides. The sensor is constituted by a layer of NiFe (permalloy). 
10 The flux guides are constituted by a layer structure of alternately soft-magnetic and non- 
magnetic material so that each flux guide consists of magnetostatically coupled magnetic 
layers. 

A problem of a magnetic head provided with a magnetoresistive sensor is 
the occurrence of Barkhausen noise in the sensor and/or the flux guide or flux guides 
IS present, due to discontinuous movements of domain walls. Barkhausen noise results in a non- 
linear distortion of a signal which has been read. Although a flux guide consisting of 
magnetostatically coupled layers has an enhanced magnetic stability, there remains a 
considerable risk of unwanted domain walls in the flux guide. 

20 It is an object of the invention to provide a magnetic head of the type 

described in the opening paragraph, which substantially precludes the occurrence of domain 
walls in a flux guide. 

In accordance with a first aspect, the magnetic head according to the 
invention is characterized in that the flux guide comprises an anti-ferromagnetic layer which 

25 is in direct contact with the soft-magnetic layer, the soft-magnetic layer and the anti- 
ferromagnetic layer constituting a pair of exchange-coupled layers. For example, an Ni-Mn 
alloy, Fe-Mn alloy, Ni oxide, Co oxide or Ni-Co oxide may be used as anti-ferromagnetic 
materials. 

In accordance with a second aspect, the magnetic head according to the 



WO 97/16823 PCT/IB96/01133 

2 

mvermonUcruiacteriz^ 

direct contact with the soft-magnetic layer, the soft-magnetic layer and the ferrimagnetic 
layer constituting a pair of exchange-coupled layers. For example, a TVCo alloy or Tb-Fe- 
Co alloy is suitable as a ferrimagnetic material. 
5 The invention is based on the recognition that the flux guide is given a 

unidircctional anisotropy by means of exchange biasing so mat there is a unique lowest- 
energy direction for the rnagrjetizarion in the flux guide, in which domain walls are entirely 
or substantially entirely absent. It has been found that the flu magnetic head 

according to the invention is magnetically stable and does not produce any or hardly any 
10 noise. 

The magnetic head according to the invention is suitable for reading 
audio, video or data information recorded on a magnetic record carrier. An exchange-biased 
sensor may be used as a magnetoresistive sensor which, together with a flux guide, 
constitutes a magnetic yoke. 

15 For example, an Ni-Fe alloy, a Co alloy such as Co-Nb-Zr, or an Fe 

alloy such as Fe-Nb-Si-N, Fe-Ta-N or Fe-Al-N is suitable as a soft-magnetic material in the 
magnetic head according to the invention. 

It is to be noted that it is known per sc from IEEE. Vol. 25, No. 5, 
September 1989 to inhibit domain activities in a narrow-track MR element by using an 

20 exchange-biased sensor. This publication does not pay any attention to flux guides. 

An embodiment of the magnetic head according to the invention is 
characteroed in that the flux guide has a unidirectional anisotropy which is at least 
substantially perpendicular to a flux transport direction in the flux guide. The flux transport 
direction is understood to mean the direction of the magnetic field in the flux guide coming 

25 from the magnetic record carrier during use of the magnetic head. In this embodiment, an 
optimal combination of magnetic stability and permeability is achieved. Generally, the sensor 
will have an easy axis of magnetization which is oriented perpendiculariy or substantially 
perpendicularly with respect to the flux transport direction in the flux guide. The 
unidirectional anisotropy in the flux guide will thus usually extend at least substantially 

30 parallel to the easy axis of magnetization of the sensor. 

An embodiment of the magnetic head according to the invention is 
characterized in that the flux guide comprises several pairs of exchange-coupled layers. At a 
given total magnetic thickness of the flux guide, the number of exchange-coupled layers 
defines the size of the bias field in the flux guide, which is approximately inversely 
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proportional to the thickness of the exchange-coupled soft-magnetic layer. Therefore, there is 
a great freedom of optimization. An important advantage is that high-frequency losses in the 
flux guide are limited by using thinner layers. 

An embodiment of the magnetic head according to the invention is 
5 characterized in that the flux guide comprises a combination of layers which is constituted by 
the pair of exchange-coupled layers, a non-magnetic layer and a further soft-magnetic layer, 
the non-magnetic layer extending between, and being in contact with, the soft-magnetic layer 
and the further soft-magnetic layer. The combination of layers created in this embodiment 
decreases the magnetostatic energy in the flux guide built up as a packet of layers, which has 

10 a positive effect on the magnetic stability of the flux guide. 

An embodiment of the magnetic head according to the invention is 
characterized in that the flux guide comprises several combinations of layers as defined in the 
previous embodiment, the combinations of layers being mutually separated by a non-magnetic 
intermediate layer. The layer structure used in mis embodiment gives it all the previously 

15 mentioned advantages relating to the bias field, limited high-frequency losses and satisfactory 
magnetic stability. 

An embodiment of the magnetic head according to the invention is 
characterized in that the flux guide extends from the head face, while a further flux guide is 
present, and the magnetoresistive element bridges a space which is present between the flux 

20 guide and the further flux guide, the further flux guide corresponding to the previously 
defined flux guide. In practice, further flux guides are frequently used to inhibit magnetic 
flux losses in magnetic circuits as much as possible. 

The invention also relates to a device for reading a magnetic record 
carrier, comprising a magnetic head according to the invention. 

25 These and other aspects of the invention will be apparent from and 

elucidated with reference to the embodiments described hereinafter. 



In the drawings: 

30 Fig. 1 is a diagrammatic perspective view of a first embodiment of the 

magnetic head according to the invention, 

Fig. 2 is a diagrammatic cross-section of a second embodiment of the 
magnetic head according to the invention, 

Fig. 3 is a cross-section taken on the line m-HI of the magnetic head 
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shown in Fig. 2. 

Fig. 4 is a diagrammatic cross-section of a third embodiment of the 
magnetic head according to the invention, and 

Fig. 5 is a partly elevational. partly cross-sectional view of a device 
5 according to the invention. 



The magnetic head according to the invention, shown in Fig l 
comprises a substrae 1 of a tnagnetkally ^ « «^ te ^ Ni . 

Zn fame, a dun-film structure provided in tay« ra the substrate 1 and a prottctive layer or 
10 protectee body 3. ard is r^videdwto^ 

gutdes 7 and 9. a first flux guide 7 of which is contiguous to the 1^ face 5 and a sectmd 
flux guide 9 is spaced apart therefrom and the fte flux guide 7. Tta fi hn structure ato 
compnses a magnetomotive sensor 11. referred to as MR sensor, which extends opposite 
the flux guides 7 and 9 and bridges a space 13 between the two flux gmdes. When a 
15 nu^irrfonnarion or tcc«>rd carrier such 

me head face 5 in a direction x, is scanned, a inagnetic fieW conn^ fixmt the record catrw 
« transported by the flux guides 7 and 9 in a o^on d, wluch is substantiaUy transverse » 
the head face 5, while the flux is guided through the MR sensor II. The magnetic flux is 
rctunrf u) tte record carrier v« tte rnagn^ 
20 15a. 15b. 15c and 15d of an electrically insulating material such as SiO, or Al l0 , are present 
between the substrate 1 and the flux guides 7 and 9. in me space 13. between tofl^ guides 
7 and 9 and the MR sensor 11. and between the MR sensor 11 and the protective body 3 
The MR sensor 11 comprising a layer of a magnetoresistive material, for example an Ni-Fe 
alloy, has an easy axis of magnetization M, which is substantially perpendicular to the flux 
25 transport direction d t . 

The flux guides 7 and 9. which nave a similar construction relative to 
each other, comprise three pairs of a exchange-coupled layers each in this embodiment each 
patr comprising a soft-magnetic layer 17 and an anti-ferromagnetic layer 19 engaging the 
layer 17. Due to exchange biasing, both flux guides 7 and 9 have a unidirectional anisotropy 
30 A, which is ^bstantiaUy perpendicular*^ 

and 9 and thus extend at least substantially parallel to me easy axis M, of the MR sensor 11 
In tins embodiment, the soft-magnetic layer 17 is formed from an Ni-Fe alloy and the ami- 
ferromagnetic layer 19 is formed from an Ni-Mn alloy. The materials may be provided by 
means of known deposition techniques such as sputtering, vapour deposition or chemical 
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vapour deposition. Instead of three pairs of exchange-coupled layers, a larger or smaller 
number of pairs may be used within the scope of the invention. 

The magnetic head according to the invention, shown in Figs. 2 and 3, is 
a thin- film magnetic head comprising a substrate 101, in this embodiment of a non-magnetic 
5 material, for example A^O^HC, on which a multilayer structure and a protective block 103 
of a non-magnetic material, for example Al 2 0 3 .TiC is provided. The magnetic head has a 
head face 105 for moving a magnetic record carrier 107, particularly a magnetic tape in a 
direction x 2 . 

The multilayer structure, which extends between the substrate 101 and 

10 the protective block 103, comprises a magnetoresistive layer 159 of a magnetically 

anisotropic material, for example Ni-Fe, which constitutes an elongated magnetoresistive 
element 111 between two end portions 159a and 159b, with a longitudinal axis 111a 
extending from one end portion to the other end portion. The magnetoresistive element 111, 
referred to as MR sensor, has an easy axis magnetizarion, denoted by M 3 , extending parallel 

15 to the longitudinal axis 111a. The direction of magnetization is denoted by means of the 
vector M 2 . An electrically conducting layer 153a of, for example Au comprising a plurality 
of equipotentia) strips 153 is provided on one side 111b of the element 111. The 
equipotential strips extend at an angle of 45° to the longitudinal axis 111a. The electrically 
conducting layer 153a has two connection tracks 153al and 153a2 to which a current source 

20 or voltage source may be connected. 

A non-magnetic insulation layer 519 of, for example A1 2 0 3 or SiO, is 
present between the substrate 101 and the magnetoresistive layer 159. The multilayer 
structure further comprises a flux guide 107 contiguous to the head face 105 and, spaced 
apart therefrom, a second flux guide 109. A space 113 present between the two flux guides 

25 is bridged by the MR sensor 11 1, the first flux guide 107 serving for guiding a magnetic 
field comprising information and originating from the magnetic medium 107 in a flux 
transport direction dj to the MR sensor 111. Inqiiatmg material 120, for example Si0 2 , is 
provided in the space 113 as well as between the MR sensor 111 and the flux guides 107 and 
109, and between the flux guides 107 and 109 and a third flux guide 110. The flux transport 

30 direction in the third flux guide is denoted by the arrow d 3 . 

The flux guides 107, 109 and 110 which, together with the MR sensor 
111, constitute a magnetic yoke, comprise a pair of exchange-coupled layers each, formed by 
a soft-magnetic layer 217 and a ferrimagnetxe layer 219. In this embodiment, the soft- 
magnetic layer 217 is constituted by a Co-Nb-Zr alloy and the ferrimagnetic layer 219 is 
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constituted by a Tb-Co alloy. Due to exchange biasing, the flux guides 107, 109 and 110 
have a unidirectional anisotropy A 2 which extends parallel or substantially parallel to the easy 
axis of magnetization M 2 of the MR sensor 111. Instead of a pair of said layers per flux 
guide, several pairs may alternatively be used. If less stringent requirements are imposed on 
5 the magnetic head, one or two flux guides, notably the flux guide 110, may be formed 
completely from a soft-magnetic material, but then the optimal advantage of the use of 
exchange-coupled layer is of course not achieved. 

The magnetic head according to the invention, shown in Fig. 4, 
comprises a magnetically contacting substrate 201 of ferrite on which a layer structure is 

10 provided. This layer structure comprises a magnetoresistive sensor 211, referred to as MR 
sensor 211. two flux guides 207 and 209. a test and/or bias guide 251 and also a plurality of 
insulation layers of an electrically insulating, non-magnetic material 220 such as quartz, so as 
to insulate the substrate 201, the MR sensor 211, the flux guides 207 and 209 and the guide 
251 with respect to each other. The layer structure is protected by a coumerblock 203 of, for 

15 example BaTiO, or CaTtO,, while an insulation layer 230 extends between the layer structure 
and the coumerblock 203. A front side of the magnetic head is provided with a head face 
205. 

In this embodiment, the flux guides 207 and 208 each consist of two 
combinations of layers, with a non-magnetic intermediate layer 221 of, for example SiOj or 

20 AIjOj extending between the two combinations. Each combination consists of a «?rk of four 
layers, namely an anti-ferromagnetic or ferrimagnetic layer 219, a soft-magnetic layer 217, a 
non-magnetic layer 223 and a further soft-magnetic layer 225. Instead of two such 
combinations, more combinations may be used alternatively, with an intermediate layer 221 
extending between each combination. By way of example, the layer 219 is formed from an 

25 Fe-Mn alloy and die layers 217 and 225 are formed from an Fe alloy. The non-magnetic 
layer 223 is formed from, for example SiOj or AljOj. The flux guides 207 and 209 have a 
flux transport direction d« which is substantially parallel to the head face 205 and has a 
unidirectional anisotropy in accordance with a direction A 3 which, in Fig. 4, is substantially 
Perpendicular to the plane of the drawing. The MR sensor 211 is, for example, an exchange- 

30 biased sensor. 

The device shown in Fig. 5 is a magnetic tape apparatus 350 which is 
suitable for co-operation with a magnetic tape cassette. Such a cassette has a magnetic tape 
which is suitable for storing iiiformation in an analog and/or digital form. The apparatus 350, 
which is provided with a holder 352 for accoimnodaring the cassette, constitutes a ma^r 
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tape system together with the cassette. Two reel spindles 354 and 356 for co-operation with 
reel hubs of the cassette are present in the apparatus 350. During use of the apparatus 350, 
the magnetic tape is moved along a magnetic head 400 according to the invention, used in 
the apparatus 350. To this end, the apparatus 350 is provided with two capstans 358 and 360 
5 and two pressure rolls 362 and 364 co-operating with the capstans. 

It is to be noted that the invention is not limits to the embodiments 
shown. For example, the magnetic head according to the invention may comprise several MR 
sensors and even a large number of MR sensors and a matching number of flux guides, 
instead of one MR sensor. Instead of one or more MR sensors, the magnetic head may 
10 alternatively have one or more inductive transducing elements. 
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CLAIMS; 



I- A magnetic head having a head face and comprising a magnetoresistive 

sensor and at least a laminated flux guide for «H)pcnukm wim tte nK^resistive sen»r. 
which flux guide comprises a soft-magnetic layer, characterized in that the flu, guide 
comprises an anti-ferromagnetic layer which is in direct comae, with the soft-magnetic layer 
5 me soft-magnetic layer and the aim-ferromagnetic layer constituting a pair of exchange- 
coupled layers. 

2. A magnetic head having a head face and comprising a magnetoresistive 
sensor and at least a laminated flux guide for co^^on wim the n»ag^resi S tive sensor, 
which flux guide comprises a soft-magnetic layer, characterized in that the flux guide 

10 comprises a ferrimagnetic layer which is in direct contact with the soft-magnetic layer, the 
soft-magnetic layer and the ferrimagnetic layer constituting a pair of exchange-coupled 
layers. 

3. A magnetic head as claimed in Claim 1 or 2, characterized in that the 
flux guide has a unidirectional anisotropy which is a least subaamially perpendicular to a 

15 flux transport direction in the flux guide. 

4. A magnetic head as claimed in Claim 1, 2 or 3, characterized in that the 
flux guide comprises several pairs of exchange-coupled layers. 

5- A magnetic head as claimed in Claim 1, 2. 3 or 4. characterized in that 

the flux guide comprises a combination of layers which is cozismuted by the pair of 
20 exchange^oupled layers, a non-magnetic layer and a ftmbw soft-magnetic layer, the non- 
magnetic layer extending between, and being in contact with, the soft-magnetic layer and the 
ftinher soft-magnetic layer. 

° A magnetic head as claimed in Claim 5, characterized in that the flux 

guide comprises several combinations of layers as defined in Claim 5, the combinations of 
25 layers being mutually separated by a non-magnetic intermediate layer. 

? ' A magnetic head as claimed in any one of Claims 1 to 6, characterized in 

that the flux guide extends from the head face, wlme a funher flux giude is present, and the 
magnetoresistive element bridges a space between the flux guide and the ft^ flux guide 
me ftinher flux guide corresponding to the flux guide as defined m any one of OainB 1 to 6 
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8. A device for reading a magnetic record carrier, comprising a magnetic 

head as claimed in any one of the preceding Claims. 
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